FORM PTO-1082 


Case Docket No. 655.00931 


ASSISTANT COMMISSIONER FOR PATENTS 
Washington, D.C. 20231 


Sir: 


Transmitted herewith for filing is the patent application of: 
Inventor: Werner Zobel et al. 

For: COOLING SYSTEM, ESPECIALLY FOR A VEHICLE 
Enclosed are: 


Prioritatsbescheinigung uber die Einreichung 
einer Patentanmeldung 


sheets of drawing. 


An assignment of the invention to 


□ A certified copy of a Priority German Appln. No. 199 50 754.6 filed 21/10/99 entitled** 
is A Declaration and Power of Attorney (signed). 

□ A verified statement to establish small entity status under 37 CFR 1 .9 and 37 CFR 1 .27. 

□ 


The filing fee has been calculated as shown below: 

(Col. 1) 


(Col. 2) 


FOR: 

NO. FILED 

NO. EXTRA 

B4SIC FEE 



TpTAL CLAIMS 

9 -20 = 

. 0 

flNDEP. CLAIMS 

3 

. 0 

PyllLTIPLE DEPENDENT CLAIM PRESENTED 


Mi the difference in Col. 1 is less than zero, enter 0 in Col. 2. 


CP--" Please charge my Deposit Account No. 
;s this sheet is enclosed. 


the amount of $ 


OTHER THAN A 


SMALL ENTITY 


SMALL ENTITY 

RATE 

FEE 


RATE 

FEE 

w 

$ 345 

OR 

£$■$■ 

$ 690 

x 9 = 


OR 

x 18 = 

0 

x 39 = 


OR 

x 78 = 

0 

+ 130 = 


OR 

+ 260 = 


TOTAL 


OR 

TOTAL 

$690 


A duplicate copy of 


A check in the amount of $ 690.00 


to cover the filing fee is enclosed. 


The Commissioner is hereby authorized to charge payment of the following fees associated with this communication or credit any 
overpayment to Deposit Account No. 23-0785. A duplicate copy of this sheet is enclosed. 

h Any additional filing fees required under 37 CFR 1.16. 

H Any patent application processing fees under 37 CFR 1.17. 

The Commissioner is hereby authorized to charge payment of the following fees during the pendency of this application or credit 
any overpayment to Deposit Account No. 23-0785. A duplicate copy of this sheet is enclosed. 

H .Any patent application processing fees under 37 CFR 1.17. 

□ The issue fee set in 37 CFR 1.18 at or before mailing of the Notice of Allowance, pursuant to 37 CFR 1.31 Kb). 

h Any filing fees under 37 CFR 1 .16 for presentation of extra claims. 


CERTIFICATE OF MAILING BY "EXPRESS MAIL" 

"Express Mail" mailing label number: EM1 14122789US 
Date of Deposit; September 28, 2000 

I hereby certify that this paper or fee is being deposited with the United 
States Postal Service "Express Mail Post Office to Addressee" service 
under 37 CFR 1.10 on the date indicated above and is addressed to the 
Assistant Commissioner for Patents, Washington, D.C. 20231 . 



Win. X. VanSant^n 
Reg. No. 22,810 


Corinne Byk 


(Typed or printed name of person mailing paper or fee) 


(Signature of person jirenling paper or fee) 


o 

CD 
CD 

c 655.00931 

in PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


In re Application of: ) COOLING SYSTEM, ESPECIALLY 

) FOR A VEHICLE 
Werner Zobel et al. ) 


Serial No.: (Unassigned) ) Group Art Unit: Unknown 


Filed: (Herewith) ) Examiner: Not Yet Assigned 


TRANSMITTAL LETTER 


Assistant Commissioner for Patents 
BOX - PATENT APPLICATION 
Washington, D.C. 20231 


Sir: 


Enclosed herewith for filing under 37 C.F.R. Section 1 .53(b) is a patent application, 


including: 



(1) A specification, claims and abstract for the patent application of Werner 
Zobel et al., entitled COOLING SYSTEM, ESPECIALLY FOR A 
VEHICLE; 

(2) Two (2) sheets of informal drawings (Figs. 1-2); 

(3) A check in the amount of $690.00 to cover the filing fee; 


CERTIFICATE OF MAILING BY "EXPRESS MAIL" 

"Express Mail" mailing label number' EMI 14122789US 
Date of Deposit. September 28, 2000 

I hereby certify that this paper or fee is being deposited with the United States Postal Service "Express 
Mail Post Office to Addressee" service under 37 CFR 1 1 0 on the date indicated above and is addressed 
to the Assistant Commissioner for Patents, BOX - PATENT APPLICATION, Washington, D.C. 2023 1 . 

Corinne Byk 

(Typed or printed name of person mailing paper or fee) 


(Signature of person majhng paper or fee) 


655.00931 
PATENT 


(4) Computation sheet form PTO- 1 082 (in duplicate); 

(5) Declaration and Power of Attorney listing Werner Zobel, Dipl.-Ing., Michael 
Ehlers, Dipl.-Ing., Frank Vetter, Dr.-Ing., and Jorg Soldner, Dr.-Ing. as 
inventors (signed); 

(6) Priority Document (with Transmittal Letter); and 

(7) Certificate of Mailing by "Express Mail" No. EMI 14122789US. 

Any additional costs incurred with regard to this matter should be charged to our 


The filing date based on the filing of these papers under 37 CFR Section 1 .10(a) is 


Dated: September 28, 2000 

500 West Madison Street 
Suite 3800 

Chicago, Illinois 60661 
(312) 8-76-1800 


Deposit Account No. 23-0785. 


respectfully requested. 


Respectfully submitted, 



Wm. A. VanSanten 


Reg. No. 22,810 


APPLICATION FOR 
UNITED STATES LETTERS PATENT 


SPECIFICATION 


TO ALL WHOM IT MAY CONCERN: 


CERTIFICATE OF MAILING BY "EXPRESS MAIL" - "Express 
Mail" mailing label number EM114122789US 

Date of Deposit: September 28 , 2000 

I hereby certify that this paper or fee is being deposited with the United 
States Postal Service "Express Mail Post Office to Addressee" service 
under 37 CFR 1 10 on the date indicated above and is addressed to the 
Assistant Commissioner for Patents, Washington, D C 20231 


(Connne 


Be it known that Werner Zobel, Dipl.-Ing., a citizen of Germany, residing at Galgenbergstr, 48, 
71052 Boblingen, in the country of Germany, and Michael Ehlers, Dipl.-Ing. , a citizen of Germany, residing 
at Im Katzensteig 14, 72202 Nagold, in the Country of Germany, and Frank Vetter, Dr.-Ing., a citizen of 
Germany, residing at Eierwiesenstr. 13, 70794 Filderstadt, in the Country of Germany, and Jorg Soldner, 
Dr.-Ing., a citizen of Germany, residing at Fasanenweg 6, 71139 Ehningen, in the Country of Germany 
have invented a new and useful COOLING SYSTEM, ESPECIALLY FOR A VEHICLE, of 


which the following is a specification. 


\ 


PATENT 

Docket No. 655.00931 (R157) 


-1- 

COOLING SYSTEM, ESPECIALLY FOR A VEHICLE 

FIELD OF THE INVENTION 

This invention relates to cooling systems, and more particularly, to 
cooling systems for utilization on vehicles where plural, different heat exchange fluids 
5 require cooling. 

1 BACKGROUND OF THE INVENTION 

ftj So-called "compact cooling systems", especially for vehicular 

^ applications, are being investigated at an ever increasing rate. Typically, they have 

L several heat exchangers which are positioned to define a housing. Within the housing 

SO thus defined is the impeller of a radial fan. The front of the housing is closed but 

Q includes an inlet nozzle facing the impeller and the rear wall of the housing is also 

closed. The impeller draws fresh air into the housing through the nozzle and expels the 
same radially outwardly, as cooling air, through each of the heat exchangers. Typically, 
the rear wall of the unit provides a journal for the impeller. Certain of the heat 
1 5 exchangers may be devoted to cooling the coolant of an internal combustion engine 

while another may be utilized to cool combustion air from the engine after it has had its 
pressure increased by a turbocharger or the like. Still another may be utilized as a 
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condenser or gas cooler in an air conditioning system for the vehicle and still another 
may be utilized as an oil cooler for oil in vehicular systems that requires cooling, 
particularly, transmission oil. 

One example of such an apparatus is described in European Patent 
Application No. 9910760.9, the entire disclosure of which is herein incorporated by 
reference. 

Other apparatus with some similar features are also shown in United 
States Letters Patent 4,202,296 and German Patent 31 48942C2. The apparatus of the 
two identified patents do not relate to casing-like configurations as alluded to above 
wherein several individual cooling units are employed. Rather, they relate to so-called 
"ring-type" cooling units which are more expensive to produce and consequently have 
not seen wide spread use as of the present. In the case of both, radial fans rotatable 
about a vertical axis have been employed but such a position is not particularly 
advantageous in terms of the efficiency of the fan. 

Still another example of a ring-type cooling unit is shown in German 
Patent DE AS27 16997 which does have the advantage of cooling several different 
cooling mediums. However, the cost of manufacturing a cooling system according to 
this patent is quite expensive. 
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One concern in compact cooling systems of the sort alluded to previously 
wherein different heat exchange fluids require cooling resides in the fact that because 
various ones of the heat exchangers are cooling different heat exchange fluids, to 
maximize efficiency, it is desired to provide only so much cooling air to each heat 
exchanger as is required to meet the maximum loading of the system having the heat 
exchange fluid which a given heat exchanger is to cool. That is, it would be desirable 
to balance the air flows through the respective heat exchangers according to the heat 
exchange capacity required of each so that excessive air flow through one or more heat 
exchangers not requiring that rate of air flow is avoided. Specifically, with each heat 
exchanger, and the associated flow of cooling air therethrough, a certain amount of fan 
energy will be required. Since the fans are typically driven by a mechanical connection 
to an internal combustion engine or by an electric motor receiving energy from a 
generator or alternator driven by the engine, the use of larger than needed air flows 
translates into increased fuel consumption which is to be avoided. 

The present invention is intended to provide a means whereby air flows 
may be matched with the system requirements of each heat exchanger. 
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SUMMARY OF THE INVENTION 

It is the principal object of the invention to provide a new and improved 
cooling system, particularly for a vehicle. More specifically, it is an object of the 
invention to provide a so-called compact cooling system wherein a plurality of heat 
5 exchangers are arranged to create a housing in which a radial fan is disposed and 

wherein the heat exchangers and the housing may be configured so that the cooling air 
^ flows through each of the plurality of different heat exchangers operating on different 

\j heat exchange fluids may be optimized to increase system efficiency. 

J: An exemplary embodiment of the invention achieves the foregoing obj ect 

MO in a cooling system for air cooling a plurality of at least two different heat exchange 

s % fluids. The system includes a plurality of at least three heat exchangers, each having a 

Si core with opposed ends, opposed sides extending between the ends and spaced from one 

p another by a core width, spaced headers, one at each end of each core, and an inlet face 

and an outlet face spaced from one another by a core depth. The heat exchangers are 
15 arranged in adjacency in the configuration of a polygonal solid with their inlet faces 

located radially inward of their outlet faces and with each header in substantial abutment 
with a header of one of the other heat exchangers to define an open center housing. A 
radial fan is disposed within the housing and is rotatable about an axis. A front panel 
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having an air inlet on the axis abuts a corresponding one of the opposed sides of each 
of the heat exchangers and a rear panel is provided abutting the others of the opposed 
sides of each of the heat exchangers as well as serving as a mounting point for 
journaling the fan for rotation about the axis. The core width of one of the heat 
exchangers is greater than that of another of the heat exchangers such that one or both 
of the opposed sides of the one heat exchanger projects forwardly and/or rearwardly of 
a corresponding one or both of the opposed sides of the other heat exchanger or heat 
exchangers. Thus, the inlet face area of each heat exchanger may be selected to provide 
a desired, and balanced air flow to minimize fan power requirements and thereby 
increase system efficiency. 

In a preferred embodiment, the one heat exchanger has a core depth that 
is different from the core depth of the other heat exchanger to further assist in balancing 
air flow. 

In a preferred embodiment, the configuration includes a top side defined 
by the one heat exchanger and the one heat exchanger is a charge air cooler for an 
internal combustion engine. 

In one embodiment, the one heat exchanger projects forwardly of the air 
inlet on the front panel and the front panel includes a beveled surface located between 
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the air inlet and the one of the opposed sides of the one heat exchanger abutted by the 
front panel. 

Preferably, the one of the opposed sides is imperforate and defines part 
of the front panel 

A highly preferred embodiment of the invention contemplates that one 
or both of the front and rear panels includes a bend extending respectively to the one or 
to both of the opposed sides of the one heat exchanger. 

Other objects and advantages will become apparent from the following 
specification taken in connection with the accompanying drawings. 

DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a cooling system module made according 
to the invention; and 

Fig. 2 is a sectional view of the module. 


DESCRIPTION OF THE PREFERRED EMBODIMENT 

It is to be noted that the following description of the invention refers to 
the environment of vehicular applications. However, no limitation to vehicles is 
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intended except insofar as expressed in the appended claims. For example, the system 
may be utilized with efficacy in connection with internal combustion engine system 
cooling systems or stationary applications as, for example, electrical generators. 
Moreover, the same may be used in non-internal combustion engine applications where 
there is a need for a single cooling unit to provide cooling for multiple, non-compatible 
heat exchange fluids that require cooling. With the foregoing in mind, an exemplary 
embodiment of the invention will now be described with reference to Figs. 1 and 2. 

An exemplary embodiment of a compact cooling system made according 
to the invention is illustrated in Fig. 1 and is seen to include a rectangular array of four 
heat exchangers 10, 12, (only two of which are shown in Fig. 1). The upper heat 
exchanger is shown at 10 while a side heat exchanger is shown at 12. An otherwise 
identical heat exchanger to the heat exchanger 12 is located oppositely of the heat 
exchanger 12 while still another heat exchanger, which may be different from all of the 
others, is located at the bottom. Such a heat exchanger is shown at 14 in Fig. 2. 

Each of the heat exchangers 10, 12, 14, and those not shown, includes a 
core made up of tubes and fins as is conventional. Alternatively, one or more of the 
cores 16 may have conduits other than tubes as, for example, metal stampings bonded 
together in spaced relation and frequently referred to as "drawn cups". 
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Each of the cores 16 has an end 18 and an opposed end 20 to which 
headers 22 are fitted. The headers are abutted as illustrated in Fig. 1 and held in place 
in such a way that essentially no air may pass between the headers at their points of 
abutment. As a consequence, an open housing-like structure having an open center 24 
(Fig. 2) results. 

Each of the cores 1 6 also includes opposed sides 26, 28 which are spaced 
apart a distance that may be referred to as the core width. The core width is given the 
designation "W c " in Fig. 2, for example. 

Each of the cores further includes an inlet face 30 which is disposed on 
the radially inner side face of the configuration facing the open center 24. An outlet face 
32 is on the radially outer side of each heat exchanger 10, 12, 14 in relation to the open 
center 24. 

The inlet faces 30 and outlet faces 32 are spaced from one another by a 
distance shown, for example, in Fig. 2 by the designation "D c " for the heat exchanger 
10 and at "d c " for the heat exchanger 14. The height of each core 16 is not designated 
as such in the figures but is the distance between the headers 22 of each core 1 6 forming 
one of the heat exchangers 10, 12, 14. Thus, it will be appreciated that the frontal area 
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of each of the cores 16 of the heat exchangers 10, 12, 14 is the mathematical product of 
the core height and the core width "W c ". 

The compact cooling system also includes a front wall 36 having an 
opening 38 in which is located a nozzle 40. The opening 38 and the nozzle 40 are 
generally circular and are centered on the rotational axis 42 of an impeller 44 for a radial 
fan having a plurality of blades 46 with discharge edges 48. A suitable bearing 
assembly, generally designated 50, journals the impeller 44 and a drive shaft 52 
connected thereto for rotation about the axis 42. Thus, the radial fan just described is 
located within the open center 24 of the configuration and the blades 46 and their edges 
48 discharge air drawn from the inlet nozzle 38 in the direction of arrows 54 radially 
outwardly toward the inlet faces 30 of the heat exchangers 10, 12, 14. Desirably, the 
shaft 52 includes a coupling 56 whereby the same may be connected to an electric motor 
or to a drive sheave or other transmission extending to the main shaft of an internal 
combustion engine. 

For a given pressure drop across a heat exchanger core 16, at a given air 
flow rate, typically given in standard cubic feet per minute, air flow will be determined 
by the size of the frontal area of the core 16 as defined previously as well as by core 
depth "D c " or "d c " as well as that part of the frontal area that is blocked by tubes or 
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plates defining conduits and the fins between such tubes or conduit and the density of 
such fins. Those skilled in the art readily recognize how these parameters interrelate to 
affect air flow. Further, the heat exchange capacity of a given heat exchanger will 
likewise be affected by these factors as well as the flow rate of air passing through the 
5 particular heat exchanger. 

As noted previously, in systems of this sort it is typical that at least two 
different heat exchange fluids be cooled by air entering the inlet opening 38. For 
Sj example, the heat exchanger 10 may be a charge air cooler for cooling engine 

«P combustion air after its pressure has been elevated by a turbocharger or a supercharger 

;y 40 or the like. The heat exchanger 12, and the heat exchanger not shown on the opposite 

side of the configuration in Fig. 1, may be paired by appropriate conduits and serve as 
m radiators for cooling the coolant for an internal combustion engine. The heat exchanger 

Q 14 (Fig. 2) may be utilized, for example, as a condenser or gas cooler in an air 

conditioning system. Alternatively, it may be employed as an oil cooler for cooling, for 
1 5 example, the transmission oil of a vehicle. 

In any event, the heat rejection capacities of each of the heat exchangers 
will be dependent upon the use to which it is put, that is, whether it be acting as a 
radiator for cooling engine coolant, as a charge air cooler for cooling combustion air, a 
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condenser or gas cooler for air conditioning purposes and operating on a refrigerant, or 
a transmission oil cooler for cooling transmission oil. Thus, it is necessary that each of 
the heat exchangers be sized in accordance with the heat rejection requirements of the 
system with which it is associated and typically this means that the heat exchangers may 
be of different sizes, have different fin densities, etc. as alluded to previously. 
Moreover, it is necessary that each heat exchanger pass a sufficient volume of air to 
achieve the desired heat rejection capacity without contributing to excessive pressure 
drop in the system. 

To this end, both core depth and frontal area are varied to achieve the 
desired result of balanced air flow that is optimum for each of the heat exchangers. In 
some cases, this will mean an increased core depth. Thus, Fig. 2 shows the charge air 
cooler 1 0 having a core depth "D c " that is considerably greater than the core depth "d c " 
of the heat exchanger 14. Similarly, the core depth of the heat exchanger 12 may be 
different from either. 

Furthermore, the core width "W c " of each of the heat exchangers may be 
varied appropriately. Fig. 2 shows an embodiment where the core width "W c " of the 
heat exchanger 1 0 is greater than that of the heat exchanger 1 4. So much so that the heat 
exchanger 10 has a section 60 as shown in Fig. 2 that projects forwardly of the 
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corresponding side of the heat exchanger 14. A similar section 62 projects rearwardly 
of the other opposed side 64 of the heat exchanger 14. 

To accommodate this, the front panel 36 includes a beveled section 66 
that is located between the inlet 38 and the forward opposed side 62 of the heat 
exchanger 10. Similarly, a bend or bevel 68 is disposed in the rear wall 70 of the system 
which also contacts and seals against each of the opposed sides 64 as well as mounts the 
journal 50 for the impeller 44. 

Preferably, the side walls 26, 62 and 64 are imperforate and thus may 
serve as extensions of the front panel 36 and the rear panel 70. 

As a result, by appropriately manipulating variables including air free 
flow area through each of the cores 10, 12, 14, fin density, core depth, and core frontal 
area, one may size each of the heat exchangers 10, 12, 14 so that for a given pressure 
drop, only the optimal volume of air will flow through that particular heat exchanger and 
still achieve the desired heat rejection for the system with which the heat exchanger is 
involved. The changes in frontal area may be readily accommodated through the use of 
the bevels 66, 68, and by, where necessary, varying the core height, that is, the distance 
between the headers of a given heat exchanger, as required. 
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As a result, a cooling system made according to the invention optimizes 
system efficiency and minimizes fan power requirements. 
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CLAIMS 

We claim: 

1 . A cooling system for air cooling a plurality of at least two different heat 
exchange fluids comprising: 

a plurality of at least three heat exchangers, each having a core with 
opposed ends, opposed sides extending between said ends and spaced from one another 
by a core width, spaced headers, one at each end, an inlet face and an outlet face spaced 
from one another by a core depth, 

said heat exchangers being arranged in adjacency in the configuration of 
a polygonal solid with their inlet faces located radially inward of their outlet faces and 
with each header in substantial abutment with a header of one of the other heat 
exchangers to define an open center housing; 

a radial fan within said housing and rotatable about an axis; 

a front panel having an air inlet on said axis and abutting a corresponding 
one of said opposed sides of each said heat exchanger; 

a rear panel abutting the others of said opposed sides of each of said heat 
exchangers and journaling said fan for rotation about said axis; 


PATENT 

Docket No. 655.00931 (R 157) 


-15- 

and characterized by the core width of one of said heat exchangers being 
greater than that of another of said heat exchangers such that one or both of said opposed 
sides of said one heat exchanger projects forwardly and/or rearwardly of a corresponding 
one or both of said opposed sides of said another heat exchanger. 

2. The cooling system of claim 1 wherein said one of said heat exchangers 
has a core depth that is different from the core depth of said another heat exchanger. 

3 . The cooling system of claim 2 wherein the core depth of said one heat 
exchanger is greater than the core depth of said another heat exchanger. 

4. The cooling system of claim 1 wherein said configuration includes a top 
side defined by said one heat exchanger, said one heat exchanger being a charge air 
cooler. 

5 . The cooling system of claim 1 wherein said one heat exchanger projects 
forwardly of said air inlet of said front panel and said front panel includes a beveled 
surface located between said air inlet and said one of said opposed sides of said one heat 
exchanger. 


V 
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6. The cooling system of claim 1 wherein said one of said opposed sides of 
2 said one heat exchanger is imperforate and defines part of said front panel. 

7. The cooling system of claim 1 wherein one or both of said front and rear 
2 panels includes a bend extending respectively to said one or said both of said opposed 

sides of said one heat exchanger. 

y 8. A cooling system for air cooling a plurality of at least two different heat 

7! 2 exchange fluids comprising: 

a plurality of at least three heat exchangers, each having a core with 
yi 4 opposed ends, opposed sides extending between said ends and spaced from one another 

8S by a core width, spaced headers, one at each end, an inlet face and an outlet face spaced 

^ 6 from one another by a core depth, 

said heat exchangers being arranged in adjacency in the configuration of 
8 a polygonal solid with their inlet faces located radially inward of their outlet faces and 

with each header in substantial abutment with a header of one of the other heat 
1 0 exchangers to define an open center housing; 

a radial fan within said housing and rotatable about an axis; 
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a front panel having an air inlet on said axis and abutting a corresponding 
one of said opposed sides of each said heat exchanger; 

a rear panel abutting the others of said opposed sides of each of said heat 
exchangers and journaling said fan for rotation about said axis; 

and characterized by the core width of one of said heat exchangers being 
greater than that of another of said heat exchangers such that one or both of said opposed 
sides of said one heat exchanger projects forwardly and/or rearwardly of a corresponding 
one or both of said opposed sides of said another heat exchanger, 

said one heat exchanger being a charge air cooler located at the top of 
said polygonal configuration and having a core depth greater than another of said heat 
exchangers. 

9. A cooling system for air cooling a plurality of at least two different heat 
exchange fluids comprising: 

a plurality of at least three heat exchangers, each having a core with 
opposed ends, opposed sides extending between said ends and spaced from one another 
by a core width, spaced headers, one at each end, an inlet face and an outlet face spaced 
from one another by a core depth, 
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said heat exchangers being arranged in adjacency in the configuration of 
a polygonal solid with their inlet faces located radially inward of their outlet faces and 
with each header in substantial abutment with a header of one of the other heat 
exchangers to define an open center housing; 

a radial fan within said housing and rotatable about an axis; 

a front panel having an air inlet on said axis and abutting a corresponding 
one of said opposed sides of each said heat exchanger; 

a rear panel abutting the others of said opposed sides of each of said heat 
exchangers and journaling said fan for rotation about said axis; 

and characterized by the core width of one of said heat exchangers being 
greater than that of another of said heat exchangers such that one or both of said opposed 
sides of said one heat exchanger projects forwardly and/or rearwardly of a corresponding 
one or both of said opposed sides of said another heat exchanger, 

said one opposed side of said one heat exchanger being adjacent said 
front panel and extending forwardly of said air inlet, 

said front panel having a beveled surface between said air inlet and said 
one opposed side of said one heat exchanger. 
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ABSTRACT 

Optimization of the efficiency of a compact cooling system for air 
cooling of at least two different heat exchange fluids is obtained in a construction 
including three heat exchangers (10), (12), (14) arranged in a housing-like shape with 
an open center. A radial fan (44) is located within the housing and is rotatable about an 
axis (42). A front panel (36) having an air inlet (38) on the axis (44) abuts a 
corresponding one of the opposed sides (26), (62) of each of the heat exchangers while 
a rear panel abuts the other of the opposed sides (64) of each of the heat exchangers 
(10), (12), (14) and journals the fan (44) for rotation about the axis (44). The assembly 
is characterized by the fact that the core width "W c " of one of the heat exchangers (1 0) 
is greater than that of another of the heat exchangers (14) such that one or both of the 
opposed sides (62), (64) of the one heat exchanger projects forwardly and/or rearwardly 
of a corresponding one or both of the opposed sides (26), (64) of the heat exchanger 
(14). 
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between the filing date of the prior application and the national or PCT international filing date of this application: 


(Application Serial No.) (Filing Date) (Status: patented, pending, abandoned) 


(Application Serial No.) (Filing Date) (Status: patented, pending, abandoned) 


I hereby appoint Richard S. Phillips (Reg. No. 17,314), Wm. A. VanSanten (Reg. No. 22,810), Jeffrey L. 
Clark (Reg. No. 29,141), John S. Mortimer (Reg. No. 30,407), F. William McLaughlin (Reg. No. 32,273), and Dean 
A. Monco (Reg. No, 30,091 ), each registered to practice before the United States Patent and Trademark Office and 
practicing as the firm of WOOD, PHILLIPS, VAN SANTEN, CLARK & MORTIMER, 500 WEST MADISON STREET, 
SUITE 3800, CHICAGO, ILLINOIS 60661 (Telephone 312-876-1800), my attorneys with full power of substitution 
and revocation, to prosecute this application, to make alterations or amendments therein, to receive the patent and 
to transact all business in the Patent and Trademark Office connected therewith, and direct that all correspondence 
be addressed to the firm. All telephone inquiries may be directed to: 

Wm. A. VanSanten 


I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true, and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 


Full name of sole or 

first Joint Inventor: Werner 20bel, Dipl.-lng. Citizenship: Germany 




***** TO. Date yi^OO 


Inventor's Signature 
Residence: Gaigenbergstr, 48, 71052 Bobiingen, Germany 

Post Office Address: Modine Europe GmbH, Patentabteilung, Echterdinger Strafce 57 
D70790 Filderstadt (Bernhausen}, GERMANY 


Full name of second 

Joint Inventor, if any Michael Ehlers, Dipl.-lng./^ Citizenship: Germany 



Inventor's Signature cX &t & ~t x^y Date 


Residence: Im Katzensteig 14, 72202 Nagold, Germany 

Post Office Address: Modine Europe GmbH, Patentabteilung, Echterdinger Strafce 57 
D70790 Filderstadt (Bernhausen), GERMANY 


Full name of third , . ^ 

Joint Inventor, if any Frank Vetter, Dr.-lng. Citizensh.p: Germany 


Inventor's Signature 

Residence: Eierwiesenstr. 13, 70794 Filderstadt, Germany 


Date ^ *).^ 


Post Office Address: Modine Europe GmbH, Patentabteilung, Echterdinger Strafce 57 
D70790 Filderstadt (Bernhausen), GERMANY 


Full name of fourth 

Joint Inventor, if any Jorg Soldner, Dr.-lng. Citizenship: Germany 


Inventor's Signature 


^ ydJLf 0^ /sr. r. 0€> 


Residence: Fasanenweg 6, 71 139 Ehningen, Germany 

Post Office Address: Modine Europe GmbH, Patentabteilung, Echterdinger Strafce 57 
D70790 Filderstadt (Bernhausen), GERMANY 


Full name of fifth 

Joint inventor, if any Citizenship: 


Inventor's Signature Date . 

Residence: 

Post Office Address: 
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§1.56 Duty to disclose information material to patentability. 


(a) A patent by its very nature is affected with a public interest. The public interest is best 
served, and the most effective patent examination occurs when, at the time an application is being 
examined, the Office is aware of and evaluates the teachings of all information material to patentability. 
Each individual associated with the filing and prosecution of a patent application has a duty of candor 
and good faith in dealing with the Office, which includes a duty to disclose to the Office all information 
known to that individual to be material to patentability as defined in this section. The duty to disclose 
information exists with respect to each pending claim until the claim is cancelled or withdrawn from 
consideration, or the application becomes abandoned. Information material to the patentability of a claim 
that is cancelled or withdrawn from consideration need not be submitted if the information is not material 
to the patentability of any claim remaining under consideration in the application. There is no duty to 
submit information which is not material to the patentability of any existing claim. The duty to disclose 
all information known to be material to patentability is deemed to be satisfied if all information known 
to be material to patentability of any claim issued in a patent was cited by the Office or submitted to the 
Office in the manner prescribed by § § 1 .97(b)-(d) and 1 .98. However, no patent will be granted on an 
application in connection with which fraud on the Office was practiced or attempted or the duty of 
disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants 
to carefully examine: 

{1> prior art cited in search reports of a foreign patent office in a counterpart 
application, and 

<2> the closest information over which individuals associated with the filing 
or prosecution of a patent application believe any pending claim patentability defines, to 
make sure that any material information contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to 
information already of record or being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima 
facie case of unpatentability of a claim; or 

(2) it refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the 
Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a 
claim is unpatentable under the preponderance of evidence, burden-of-proof standard, giving each term 
in the claim its broadest reasonable construction consistent with the specification, and before any 
consideration is given to evidence which may be submitted in an attempt to establish a contrary conclu- 
sion of patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the 
meaning of this section are: 

(1) Each inventor named in the application; 


(2) 


Each attorney or agent who prepares or prosecutes the application; and 


